In this paper, we provide a classification of extremal double circulant Type II codes of length 24 over 7/4. It is shown that the sets of supports of the codewords of Hamming weight 10 in certain extremal Type II codes of length 24 form 5-(24, 10,36) designs. Designs with these parameters were not previously known to exist. A new extremal Type II double circulant code of length 32 is also constructed.
Introduction
In this paper, we investigate double circulant Type II self-dual codes over 7/4. Recently, a number of papers have studied self-dual codes over 7/4 (cf., e.g. [1] [2] [3] [4] 6, [8] [9] [10] [11] [12] [13] 16, 17] ). A number of examples of interesting self-dual codes over 7/4 have been constructed and several weight enumerators have been investigated. The remarkable class of Type II self-dual codes over Z4 was introduced by Bonnecaze et al. [2] . The concept of extremality for the Euclidean weights was also introduced in [2] . This important work was the major inspiration for the present paper. Conway and Sloane [6] give a classification of all self-dual codes over 7/4 up to length 9. A mass formula for self-dual codes and Type II codes is given in [10] . Recently, Type II codes of length 16 have been classified in [15] . Using these Type II codes, all codes of length up to 15 have been classified by Fields et al. [9] . From the mass formula, it seems infeasible to classify Type II codes for larger lengths. Thus, it is natural to classify extremal Type II codes under some restriction.
In Section 2, we provide background information on self-dual codes over 7/4, recalling the results in Conway and Sloane [6] , and also describe double circulant codes. In Section 3, extremal double circulant Type II codes of length 24 are classified. In Section 4, we construct 5-(24, 10,36) designs from certain extremal double circulant Type II codes of length 24. In Section 5, a new extremal Type II double circulant code of length 32 is constructed.
Self-dual codes over ~4
A code C of length n over 77 4 is an additive subgroup of Z~'. There are several different weights used for codes over 7/4, namely the Hamming weight, the Lee weight and the Euclidean weight. The Hamming weight of a codeword is just the number of non-zero components. The Lee weights of the elements 0, 1,2 and 3 of Z4 are 0, 1, 2 and 1, respectively, and the Lee weight of a codeword is just the rational sum of the Lee weights of its components. The Euclidean weights of the elements 0, 1,2 and 3 of 7/4 are 0, 1,4 and 1, respectively, and the Euclidean weight of a codeword is just the rational sum of the Euclidean weights of its components. The minimum Hamming, Lee and Euclidean weights dH,de and dE of C are the smallest Hamming, Lee and Euclidean weights among all non-zero codewords of C, respectively. Let x = (Xl,...,xn) and y = (yl ..... Yn) be two elements of 7Yg. We define the inner product ofx and y on Z~ by x.y = XlYl + "." +xny~ (mod4). The dual code C a-of C is defined as Ca-= {xET/~lx.y = 0 for all yCC}. C is self-dual if C = Ca-. We say that two codes are equivalent if one can be obtained from the other by permuting the coordinates and (if necessary) changing the signs of certain coordinates. Codes differing by only a permutation of coordinates are called permutationequivalent.
Any code is permutation-equivalent to a code with generator matrix of the form 21kz 2C
where A and C are matrices over 7/2 and B is a matrix over 7/4. We say that a code with a generator matrix in this form (1) is of type 4k'2 k2 (cf. [6, 11] ). Every code C over 7/4 has two binary codes C ~1) and C (2) associated with C:
If C is of type 4k~2 k2 then C (1) is a binary [n, kl] code and C (2) is a binary [n, kl +k2] code. Moreover, if C is a self-dual code of length n and type 4 "/2, then C (1) = C (2) and C (l) is a doubly-even self-dual code (cf. [6] ).
The complete weight enumerator (c.w.e.) of a code C over 774 is
cEC where ni(c) is the number of components of cE C that are congruent to i(mod4).
We remark that permutation-equivalent codes have the same c. Extremal codes have the largest minimum Euclidean weight among all Type II codes of that length. We now present the generator matrices of double circulant codes. A pure double circulant code of length 2n has a generator matrix of the form (LR) where I is the identity matrix of order n and R is an n by n circulant matrix. A code with generator matrix of the form
where R / is an n -1 x n -1 circulant matrix, is called a bordered double circulant code of length 2n. These two families of codes are collectively called double circulant codes.
One of the most interesting classes of Type II codes are the Hensel lifted extended quadratic residue codes [2] . Another class of interest is the lifted double circulant codes. Quadratic residue codes were investigated in [1-3, 17,16] . Thus, we investigate double circulant Type II codes in this paper. Since it was shown in [8] that no pure double circulant self-dual codes exist over Z4, we consider only bordered double circulant codes in this paper. Two special classes of double circulant Type II codes are given in [4, 12] .
The following lemma is useful in checking the equivalences of bordered double circulant self-dual codes. This lemma can easily be proven. A"= 7 and Am= -fl
Lemma 2. Let C, C', C" and C" be self-dual codes with generator matrices of the form (LA), (I,A'), (I,A") and (I,
and R is a square matrix. Then C, C, C" and C" are equivalent.
Double circulant Type II codes of length 24
By exhaustive search, we have found all distinct extremal double circulant Type II codes of length 24 and computed their s.w.e.'s. Lemma 2 significantly reduces the number of codes which need be checked for equivalences. We list in Table 1 the first rows of R' and the values ~,/~ and 7 for the codes which need be checked further for equivalences. and 11 ..... 14, the codes Cl,i (1~<i~<5) are equivalent, the codes Cki (6~<i~<10) are equivalent, and the codes Cl,i (11 ~<i~<15) are equivalent. We use the following method to check the inequivalence of C1.1, C1,6 and CIA1.
Let C be a self-dual code of length 2n. Let Mt = (mij) be the At by 2n matrix with Remark. The extended lifted Golay code G24 in [1] has swe WI. The values of Ml0(k) and ml0(k) for this code are the same as Cl, ll for k= 1,2,3,4,5 and 6. 
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Construction of 5-(24,10, 36) designs
In this section, we construct simple 5-(24, 10, 36) designs from certain Type II codes in Section 4. Throughout this section, we let C24 be any of C1,1,C1,6 and Gl.ll.
We first establish the terminology of design theory. two distinct rows of S have no identical supports, so this design is simple. To save space, we omit listing the incidence matrices of the 5-(24, 10, 36) designs. It is straightforward to construct these matrices from the generator matrices of Cl, 1, C1,6 and Gl,ll. Moreover, C1,1, Ct,6 and Gl,ll have distinct values of Ml0 (6) , so that the 5-designs construtted from the codewords of Hamming weight 10 in these codes are non-isomorphic. Therefore we have the following: Proposition 4. There exist at least three non-isomorphic simple 5-(24,10,36) designs.
Information on simple t-designs is given in Table 3 .37 of [5, p. 52] . If a 5-(24,10,2) design exists then 2 is divisible by 18, and designs were known to exist only for 2 = 18.10, 18.30 and 18.56. Thus, the above designs are the first 5-designs with these parameters.
We end this section with the following questions: 1. Do the codewords of Hamming weight 10 in any Type II code C, such that the associated binary code C (1) is the Golay code and the s.w.e, is Wl, form a 5-design? 2. Is there a result for codes over ~4 analogous to the Assmus-Mattson theorem?
Double circulant Type II codes of length 32
In this section, we construct a new extremal double circulant Type II code of length 32. For lengths 2p + 2 and p prime, two families of double circulant Type II codes are given in [4, 12] . Six inequivalent extremal Type II codes of length 32 were previously known, namely QR32, C5,1, QRM (2, 5) in [2] , C31,2, C31,3 in [17] , and C(g~6,1t) in [12] . The minimum weights dE, dL and da of these six codes are listed in Table 3 .
We have verified that a bordered double circulant code C32 with the first row of R' equal to 223323112100000 and (~,/?,r) = (0,1,3), is an extremal Type II code of length 32. In addition, the minimum weights dL and dH are 12 and 8, respectively. Thus it follows from Table 3 that this code is inequivalent to any of the known codes except perhaps C(WI6,11 ). It is shown in [12] that the binary code associated with C(W16,11) (1) is the extremal doubly-even code f16 given in [7] . Since the binary code associated with c,O) is the extremal doubly-even code q32 in [7] , "~32
C32 is a new extremal code.
